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which air discharged from an electronic instrument passes; a
water vapor retention chamber; an evaporator configured to
be heated by the air passing through the first duct and thereby
to generate water vapor inside the water vapor retention
chamber; a desiccant rotor including an adsorbent to adsorb
moisture and configured to be driven and rotated by a driving
unit; a humidification chamber; a second duct configured to
feed outdoor air introduced from an outdoor space into the
humidification chamber; and a third duct configured to feed
the air passing through the humidification chamber into a
room where the electronic instrument is installed, wherein a
portion of the desiccant rotor is located inside the water vapor
retention chamber, and another portion of the desiccant rotor
is located inside the humidification chamber.
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1
AIR-CONDITIONING SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of International Patent
Application No. PCT/JP2010/065325 filed Sep. 7, 2010 and
designated the U.S., the entire contents of which are incorpo-
rated herein by reference.

FIELD

The embodiments discussed herein relate to an air-condi-
tioning system configured to condition indoor air by intro-
ducing outdoor air.

BACKGROUND

Inrecent years, a large amount of data are being handled by
computers (computer devices) with the advent of an advanced
information society, and numerous computers are often
installed in one room for the purpose of collective manage-
ment in a facility such as a data center. Under this circum-
stance, the computers generate a large amount of heat which
may lead to erroneous operations or failures. Accordingly, a
measure for cooling the computers is used. For this reason, a
data center is usually designed to let the heat generated in the
computers out of the computers using fans (air blowers), and
to adjust the temperature in the room using an air-condition-
ing machine (an air conditioner).

In the meantime, the amount of heat generated by the
computers fluctuates depending on operating conditions of
the computers. A conceivable option for reliably preventing
erroneous operations or failures of the computers attributed to
the heat is to use an air-conditioning machine, which has a
cooling capacity corresponding to a sum of maximum
amounts of heat generated by all the computers in a computer
room. However, an air-conditioning machine with such a
large cooling capacity generally has large power consump-
tion, which is undesirable in terms of energy conservation. In
this regard, efficient operation of an air-conditioning facility
inclusive of an air-conditioning machine is preferred.

Patent Document 1: Japanese Laid-open Patent Publica-
tion No. 2010-32174

A conventional data center is designed to manage the air
temperature while circulating the air within a computer room.
As a consequence, no matter how efficiently the air-condi-
tioning facility is operated, the air-conditioning facility con-
sumes at least the electric power corresponding to the amount
of'heat generated by all the computers in the computer room,
and may be unable to achieve further reduction of the above-
mentioned power consumption.

SUMMARY

According to an aspect, an air-conditioning system
includes: a first duct through which air discharged from an
electronic instrument passes; a water vapor retention cham-
ber; an evaporator configured to be heated by the air passing
through the first duct and thereby to generate water vapor
inside the water vapor retention chamber; a desiccant rotor
including an adsorbent to adsorb moisture and configured to
be driven and rotated by a driving unit; a humidification
chamber; a second duct configured to feed outdoor air intro-
duced from an outdoor space into the humidification cham-
ber; and a third duct configured to feed the air passing through
the humidification chamber into a room where the electronic
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2

instrument is installed, wherein a portion of the desiccant
rotor is located inside the water vapor retention chamber, and
another portion of the desiccant rotor is located inside the
humidification chamber.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram depicting an example of a
computer room,

FIG. 2 is a schematic diagram of an air-conditioning sys-
tem according to an embodiment;

FIG. 3 is a schematic diagram of a desiccant rotor device;

FIG. 4 is a schematic diagram (a perspective view) depict-
ing an evaporator and its adjacent portions;

FIG. 5 is a flowchart for explaining an operation of the
air-conditioning system according to the embodiment; and

FIG. 6 is a schematic diagram of an air-conditioning sys-
tem of a comparative example, which is provided with a
heating-type humidifier.

DESCRIPTION OF EMBODIMENTS

A prelude for facilitating the understanding of an embodi-
ment will be described below prior to explaining the embodi-
ment.

In order to reduce power used for air conditioning in a
facility such as a data center, outdoor air may be introduced
into a room when the temperature of the outdoor air is low. In
the case of a data center designed to supply the air adjusted to
the temperature of 20° C. into a room by using an air-condi-
tioning machine, for example, reduction in the power used for
an air-conditioning facility may be expected by introducing
the outdoor air into the room when the temperature of the
outdoor air is equal to or below 20° C.

However, the humidity in the room is also managed in the
data center in order to prevent occurrence of troubles in the
computers caused by static electricity. Even when the amount
of moisture contained in the air is the same, the humidity
(which hereinafter means the relative humidity) of the air
becomes lower as its temperature becomes higher. For this
reason, if the outdoor air in the winter, such as the outdoor air
having the temperature equal to or below 10° C. and the
humidity equal to or below 50%, is directly introduced into a
computer room, the humidity falls to a low level along with
the rise in temperature.

Generally, the humidity in the computer room is adjusted
within a range from about 50% to 60% in the data center by
installing a heating-type humidifier, an ultrasonic-type
humidifier or the like in the room. However, simple introduc-
tion of the outdoor air into the computer room may lead to a
shortage of humidification capacity with only a convention-
ally used humidifier. Accordingly, a countermeasure such as
increasing in the number of humidifiers or introducing a
humidifier with a larger humidification capacity becomes
preferable. Nevertheless, power consumption will be
increased by taking such a countermeasure. As a conse-
quence, the effect of reduction in the power consumption by
the air-conditioning facility is not fully obtained even when
the outdoor air is introduced.
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In view of the above, there is a demand for an air-condi-
tioning system which takes less power for managing the
humidity when the outdoor air is introduced.

EMBODIMENT

FIG. 1 is a schematic diagram depicting an example of a
computer room. The following embodiment describes air
conditioning of a computer room as an example.

A computer room 10 includes an instrument installation
area 11a where racks 12 are installed, a free access floor 115
provided under the floor of the instrument installation area
11a and having power cables and signal cables installed, and
an exhaust flow channel 11c¢ provided in the attic of the
instrument installation area 11a. A plurality of computers (not
depicted) are placed in each of the racks 12. Moreover, an
air-conditioning machine 15 is installed in the computer room
10. The air-conditioning machine 15 is configured to cool the
air taken in through the exhaust flow channel 11¢, and to
supply the cooled air to the free access floor 114.

The racks 12 are arranged in rows. The racks 12 in one row
and the racks 12 in another row adjacent to the one row are
laid out in such a manner that intake surfaces of the racks 12
in the one row face intake surfaces of the racks 12 in the other
row or in such a manner that exhaust surfaces of the racks 12
in the one row face exhaust surfaces of the racks 12 of the
other row. In addition, an opening 14 for connecting the
instrument installation area 11a to the exhaust flow channel
11c¢ is provided at each portion on the ceiling near the exhaust
surfaces of the racks 12, while a grille (a vent) 13 for con-
necting the instrument installation area 11a to the free access
floor 115 is provided at each portion on the floor near the
intake surfaces of the racks 12.

The low-temperature air supplied from the air-condition-
ing machine 15 to the free access floor 115 is sent to the
instrument installation area 11a via the grilles 13 and is taken
into the racks 12 from the intake surfaces. Then, the air heated
to a high temperature as a result of cooling the computers is
discharged from the exhaust surfaces of the racks 12. This air
enters the exhaust flow channel 11¢ via the openings 14 and
returns to the air-conditioning machine 15 through the
exhaust flow channel 11c.

FIG. 2 is a schematic diagram of an air-conditioning sys-
tem according to the embodiment.

As depicted in FIG. 2, the air-conditioning system accord-
ing to the embodiment includes a humidity adjustment unit
20, ducts 21 to 28, air valves 41 to 44, fans (air blowers) 46 to
48, and sensor units 51 and 52 which detect the temperature
and humidity. Meanwhile, the humidity adjustment unit 20
includes a water vapor retention chamber 20qa, a humidifica-
tion chamber 205, a desiccant rotor device 30, and an evapo-
rator 35. The air-conditioning system according to the
embodiment further includes a control device 50, which is
configured to receive signals from the sensor units 51 and 52
and to control drive of the desiccant rotor device 30, the air
valves 41 to 44, and the fans 46 to 48.

As schematically depicted in FIG. 3, the desiccant rotor
device 30 includes a disk-shaped desiccant rotor 31, and a
driving unit 32 located along the central axis of the desiccant
rotor 31 and configured to rotate the desiccant rotor 31. The
desiccant rotor 31 is formed of a member such as a non-woven
fabric, which allows passage of the air in the thickness direc-
tion thereof, and contains an adsorbent having a property to
adsorb moisture in the air. Silica gel, zeolite, activated carbon,
and the like may be used as the adsorbent. In this embodi-
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ment, activated carbon is used as the adsorbent because acti-
vated carbon may be recovered (dried) at a relatively low
temperature.

FIG. 4 is a schematic diagram (a perspective view) depict-
ing the evaporator 35 and its adjacent portions. As depicted in
FIG. 4, the evaporator 35 includes a heat transfer plate 38, a
plurality of fins (heat-absorbing plates) 37 arranged on one
side of the heat transfer plate 38, and a water storage unit 36
arranged on the other side of the heat transfer plate 38. The
heat transfer plate 38 and the fins 37 are made of a material
having fine heat conductivity such as copper (Cu), aluminum
(Al) or carbon. Here, the heat transfer plate 38 and the fins 37
are made of copper, and the fins 37 and the heat transfer plate
38 are brazed to one another.

The water storage unit 36 is formed by containing a mem-
ber having a fine water-absorbing property such as a non-
woven fabric. When the air-conditioning system is in opera-
tion, water is supplied to the water storage unit 36 as
appropriate through a water supply pipe 39 so that the water
storage unit 36 is always kept in a wet condition. A portion of
the evaporator 35 where the fins 37 are arranged will be
hereinafter referred to as a heat exchange unitand a portion of
the evaporator 35 where the water storage unit 36 is arranged
will be hereinafter referred to as an evaporation unit.

Next, relations of connection among the humidity adjust-
ment unit 20 and the ducts 21 to 28 will be described with
reference to FIG. 2. The duct 21 (an example of a first duct),
the water vapor retention chamber 204 of the humidity adjust-
ment unit 20, and the duct 23 are linearly arranged and con-
nected in this order. Meanwhile, the duct 22 is connected to an
end of the duct 21 near the water vapor retention chamber 20a
in a perpendicular manner to the duct 21. In this embodiment,
both of the duct 21 and the duct 23 are connected to the
exhaust flow channel 11¢ of the computer room 10 while the
duct 22 is connected outdoors.

The fan 46 is located inside the duct 21. The air at a
relatively high temperature (from 30° C. to 35° C., for
example) passing through the exhaust flow channel 11¢ of the
computer room 10 is introduced into the duct 21 by rotation of
this fan 46. Meanwhile, the heat exchange unit (the fins 37) of
the evaporator 35 is located at an end portion inside the duct
21 near the water vapor retention chamber 20a. The air intro-
duced into the duct 21 moves to the duct 22 through spaces
formed between the fins 37 of the evaporator 35 and is then
discharged outdoors. The air valve 41 is located inside the
duct 22.

The air valve 42 is located at a junction of the water vapor
retention chamber 20q and the duct 21 while the air valve 43
is located at a junction of the water vapor retention chamber
20a and the duct 23. The inside of the water vapor retention
chamber 20a becomes a substantially enclosed space when
both of the air valves 42 and 43 are closed.

The evaporation unit (the water storage unit 36) of the
evaporator 35 is located inside the water vapor retention
chamber 20a. The evaporation unit is thermally connected to
the heat exchange unit (the fins 37) inside the duct 21 via the
heat transfer plate 38 which passes through a gap provided
below the air valve 42. In addition, a portion of the desiccant
rotor device 30 above the driving unit 32 is located inside the
water vapor retention chamber 20q as depicted in FIG. 2.

The duct 24 (an example of a fourth duct), the humidifica-
tion chamber 205 of the humidity adjustment unit 20, and the
duct 25 (an example of a third duct) are linearly arranged and
connected in this order, and are located below the duct 21, the
water vapor retention chamber 20a, and the duct 23. In this
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embodiment, both of the duct 24 and the duct 25 are con-
nected to the exhaust flow channel 11¢ in the computer room
10.

The fan 47 (an example of a second flow rate adjustment
unit) is located inside the duct 24. The air in the computer
room 10 is introduced into the duct 24 by rotation of this fan
47. A portion of the desiccant rotor device 30 below the
driving unit 32 is located inside the humidification chamber
205b. The air passing through the desiccant rotor device 30 is
released into the computer room 10 via the duct 25.

The fan 48 (an example of a first flow rate adjustment unit)
is located inside the duct 26 (an example of a second duct).
The outdoor air is introduced into the duct 26 by rotation of
this fan 48. This duct 26 is connected to the duct 25 via the
duct 28, and is also connected to the duct 24 via the duct 27.
The air valve (a switch valve) 44 is located at a branching
portion between the duct 27 and the duct 28. The air intro-
duced into the duct 26 is sent either to the duct 27 or to the duct
28 by means of this air valve 44.

The sensor unit 51 is located inside the duct 26 and is
configured to detect the temperature and humidity of the
outdoor air. Meanwhile, the sensor unit 52 is located inside
the duct 25 and is configured to detect the temperature and
humidity of the air passing through the duct 25.

Next, an operation of the desiccant rotor device 30 of this
embodiment will be described.

As mentioned previously, the air valves 42 and 43 are
provided at the two end portions of the water vapor retention
chamber 20q, and the inside of the water vapor retention
chamber 20a becomes the substantially enclosed space when
both of the air valves 42 and 43 are closed. When the fins 37
of the evaporator 35 are heated by the relatively high-tem-
perature air passing through the ducts 21 and 22, the heat of
the fins 37 is also transferred to the water storage unit 36
located inside the water vapor retention chamber 20a,
whereby the moisture evaporates from the water storage unit
36. Accordingly, both of the temperature and the moisture (a
relative vapor pressure) inside the water vapor retention
chamber 20q are increased. As a consequence, a large amount
of moisture is adsorbed to the desiccant rotor 31.

This desiccant rotor 31 is driven and rotated by the driving
unit 32. When the portion of the desiccant rotor 31 having
absorbed the moisture goes into the humidification chamber
205, the moisture evaporates from the desiccant rotor 31
because the air entering the humidification chamber 205 has
the relatively low humidity. Thus, the desiccant rotor 31 is
recovered (dried) and the amount of moisture contained in the
air passing through the desiccant rotor 31 is increased as a
consequence.

Assuming that a rotational speed of the desiccant rotor 31
remains within a predetermined range, the faster the rota-
tional speed of the desiccant rotor 31 is, the larger the amount
of moisture contained in the air passing through the desiccant
rotor 31 is. Thus, the amount of humidification may be
adjusted by the rotational speed of the desiccant rotor 31.
Although FIG. 2 depicts the case where the desiccant rotor
device 30 has the single desiccant rotor 31, a plurality of the
desiccant rotors 31 may be placed in the humidity adjustment
unit 20 if the single desiccant rotor 31 does not achieve a
sufficient amount of humidification.

An operation of the air-conditioning system according to
this embodiment will be described below with reference to a
flowchart in FIG. 5. Here, both of the air valves 42 and 43 are
closed while the air valve 41 is open in an initial state.

First, in step S11, the control device 50 acquires detection
results of a temperature T _,,, of the outdoor air and a humidity
M,,, of the outdoor air from the sensor unit 51. Then, in step
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S12, the control device 50 determines whether or not the
temperature T_,, of the outdoor air is equal to or below a
preset temperature T, which is set in advance. When the
temperature T, of the outdoor air is determined to be higher
than the preset temperature T, (such as 25° C.) (in the case of
NO), the outdoor air is not taken into the computer room 10.
In this case, the operation goes back from step S12 to step
S11.

On the other hand, when the temperature T_,, of the out-
door air is determined to be equal or below the preset tem-
perature T, (in the case of YES) in step S12, the operation
goes to step S13. Then, in step S13, the control device 50
determines whether or not the humidity M_,,, of the outdoor
air is equal to or above a preset humidity M, such as a weight
absolute humidity of 0.099 (kg/kg (DA)).

When the humidity M, of the outdoor air is determined to
be higher than the preset value M, (in the case of YES), this
means that humidification is not preferable. In this case, the
operation goes to step S14 in which the control device 50
drives the air valve 44 so as to close the duct 27 side and to
open the duct 28 side. Further, in order to discharge the
exhaust air in the same amount as the taken-in outdoor air
from the computer room 10 to the outdoors, the control device
50 drives the air valve 41 so as to open (continue to open) the
duct 22. Thereafter, the operation goes to step S15 to rotate
(start rotation or continue rotation of) the fans 46 and 48.
Accordingly, the outdoor air passes through the duct 26, the
duct 28, and the duct 25 in this order and is introduced into the
computer room 10. In the meantime, the exhaust air is dis-
charged from the computer room 10 through the ducts 21 and
22. In other words, the outdoor air is introduced into the
computer room 10 without passing through the desiccant
rotor 31 in this case. After the processing in step S14 and S15
is executed, the operation returns to step S11.

If the fan 47 and the desiccant rotor 31 are rotated in step
S17 to be described later, then the rotation of the fan 47 and
the desiccant rotor 31 is stopped in step S15.

On the other hand, when the humidity M,,,,, of the outdoor
air is determined to be equal to or below the preset value M,
(inthe case of NO) in step S13, this means that humidification
is preferable when introducing the outdoor air. In this case,
the operation goes to step S16 in which the control device 50
drives the air valve 44 so as to close the duct 28 side and to
open the duct 27 side. Thereafter, the operation goes to step
S17 in which the control device 50 rotates (starts rotation or
continues rotation of) the fans 46, 47, and 48, as well as
rotates (starts rotation or continues rotation of) the desiccant
rotor 31.

Accordingly, the relatively high-temperature air (such as
from 30° C. to 35° C.) discharged from the racks 12 is intro-
duced into the duct 21 and the desiccant rotor 31 starts rota-
tion at a preset rotational speed. Meanwhile, water is supplied
to the evaporator (the water storage unit 36) via the water
supply pipe 39. Hence, the inside of the water vapor retention
chamber 20 turns into the state of a high temperature and a
high humidity, and a large amount of moisture is adsorbed to
the desiccant rotor 31. The moisture is carried to the humidi-
fication chamber 205 with rotation of the desiccant rotor 31.

In the meantime, the air in the computer room 10 is intro-
duced into the duct 24 by rotation of the fan 47 while the
outdoor air is introduced into the duct 26 by rotation of the fan
48. These air components are mixed at the junction of the duct
24 and the duct 27 and go into the humidification chamber
205 of the humidity adjustment unit 20. The humidity of this
mixed air is increased by receiving sufficient moisture when
passing through the desiccant rotor 31 located in the humidi-
fication chamber 205, and the mixed air is then introduced
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into the computer room 10 via the duct 25. After the process-
ing in step S16 and S17 is executed, the operation goes to step
S18.

In step S18, the control device 50 acquires detection results
of the temperature and humidity of the air, which passes
through the duct 25, from the sensor unit 52. Then, the opera-
tion goes to step S19 in which the control device 50 controls
the rotational speed of the desiccant rotor 31 or the rotational
speed of the fan 47 on the basis of the humidity of the air
passing through the duct 25. Specifically, the rotational speed
of'the desiccant rotor 31 is increased or the rotational speed of
the fan 47 is increased when the humidity of the air passing
through the duct 25 is lower than a preset range. On the other
hand, the rotational speed of the desiccant rotor 31 is reduced
or the rotational speed of the fan 47 is reduced when the
humidity of the air passing through the duct 25 is higher than
the preset range. Then, the operation returns to step S11 and
the above-described processing is repeated. This processing
is repeatedly carried out until stopped by an operator.

As described above, in this embodiment, the outdoor air is
introduced into the computer room 10 when the temperature
of'the outdoor air is low. In addition, when the humidity of the
outdoor air is low, the air to be introduced into the computer
room 10 is humidified with the water vapor generated by
using the high-temperature air discharged from the computer
room 10. This may make it possible to reduce loads on the
air-conditioning machine 15 and the humidifier located in the
computer room 10, and thereby to bring about an effect that
power used for air conditioning the computer room 10 may be
reduced.

Here, it is preferable to dry the inside of the water vapor
retention chamber 20a when the air-conditioning system is
stopped for a long period. In the case of the air-conditioning
system of this embodiment, the water vapor retention cham-
ber 20a may be dried by rotating the fan 46 while opening the
air valves 42 and 43 as well as closing the air valve 41.

In the above-described embodiment, the outdoor air intro-
duced through the duct 26 is mixed with the air in the com-
puter room 10 introduced through the duct 24, and then the
mixed air is supplied to the desiccant rotor device 30. Instead,
the outdoor air may be supplied directly to the desiccant rotor
device 30. However, in the latter case, the amount of humidi-
fication is likely to be reduced because the air supplied to the
desiccant rotor device 30 has a low temperature. For this
reason, it is preferable to mix the outdoor air with the air in the
computer room 10 and thereby to increase the temperature of
the mixed air as in the above-described embodiment.

Further, the mixing ratio between the air in the computer
room 10 introduced through the duct 24 and the outdoor air
may be changed depending on the temperature detected by
the sensor unit 52.

A result of investigation of power consumption in the case
of performing humidification by using the desiccant rotor
device and the case of performing humidification by using a
heating-type humidifier will be described below.

Example 1

The air-conditioning system depicted in FIG. 2 is con-
structed as Example 1. The desiccant rotor 31 has a diameter
of20 cm. Airtightness of each of a space between a housing of
the water vapor retention chamber 20q and the desiccant rotor
31 and a space between a housing of the humidification cham-
ber 205 and the desiccant rotor 31 is secured by using a seal
material (a packing) made of a fluororesin.

The desiccant rotor 31 employing a corrugated fin structure
is used. Activated carbon in an amount of about 600 g, which
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is subjected to a surface treatment with nitric acid and thereby
provided with ahydrophilic property, is filled as the adsorbent
in the desiccant rotor 31. The activated carbon has a grain size
of'about 500 pm.

Then, the air-conditioning system is operated when the
outdoor air has the temperature of about 10° C. and the
humidity of about 35%. At this time, the air introduced from
the computer room 10 into the ducts 21 and 24 has the tem-
perature of about 35° C. and the humidity of about 28%.
Meanwhile, the air prepared by mixing the air in the computer
room 10 with the outdoor air at a volume ratio of 1:1 is
supplied to the humidification chamber 205 at a flow rate of 1
m’/min.

The temperature of the air after passing through the desic-
cant rotor 31 is measured with the sensor unit 52 inside the
duct 25, and the numbers of revolutions of the desiccant rotor
device 30 and the fans 46 to 48 are controlled in such a manner
as to set the temperature of the air flowing in the duct 25 equal
to 20° C. and to set the humidity thereof equal to 55%. Here,
the number of revolutions of the desiccant rotor 31 is set to 1
to 2 revolutions per minute.

In this case, the power consumption by the desiccant rotor
device 30 is equal to 50 W while the power consumption by
the fans 46 to 48 is equal to 120 W, and the total power
consumption is equal to 170 W.

Example 2

An air-conditioning system is constructed in a similar man-
ner to Example 1 except that silica gel (manufactured by Fuji
Silysia Chemical Ltd.) in an amount of 800 g is filled as the
adsorbent in the desiccant rotor 31. In addition, similarly to
Example 1, the temperature of the air after passing through
the desiccant rotor 31 is measured with the sensor unit 52
inside the duct 25, and the numbers of revolutions of the
desiccant rotor device 30 and the fans 46 to 48 are controlled
in such a manner as to set the temperature of the air flowing in
the duct 25 equal to 20° C. and to set the humidity thereof
equal to 55%. Here, the number of revolutions of the desic-
cant rotor 31 is set to 1 revolution per minute.

In this case, the power consumption by the desiccant rotor
device 30 is equal to 60 W while the power consumption by
the fans 46 to 48 is equal to 120 W, and the total power
consumption is equal to 180 W.

Comparative Example

A heating-type humidifier 63 is located inside a duct 61 as
depicted in FIG. 6. Relatively high-temperature air is intro-
duced from a computer room into the duct 61 by a fan 64, and
humidified air is released in the computer room from the
opposite side. Here, the heating-type humidifier 63 includes a
non-woven fabric, a water supply pipe configured to supply
water to the non-woven fabric, and an electric heater config-
ured to heat the non-woven fabric.

A duct 62 is connected to a halfway portion (downstream
of' the heating-type humidifier 63) of the duct 61. Outdoor air
is introduced from the outdoors into this duct 62 by a fan 65.
In addition, a sensor unit 66 configured to detect the tempera-
ture and humidity of the air passing through the duct 61 is
located at an outlet side of the duct 61.

Using the air-conditioning system depicted in FIG. 6, the
numbers of revolutions of the fans 64 and 65 are controlled in
such a manner as to set a volume ratio between the air intro-
duced from the computer room into the duct 61 and the air
(the outdoor air) introduced from the outdoors into the duct 62
equalto 1:1. As a result, the temperature of the air discharged
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fromthe duct 61 is set equal to 20° C. and the humidity thereof
is set equal to 50%. In this case, the total power consumption
by the heating-type humidifier 63 (the heater) and the fans 64
and 65 is equal to 350 W.

From Examples 1 and 2 as well as Comparative Example
described above, the power reduction effect of the air-condi-
tioning systems according to the embodiment is successfully
confirmed.

It is to be noted that the technique disclosed in the above-
described embodiment is not limited only to an air-condition-
ing system for air conditioning a computer room, but may be
also applicable to air conditioning in a room where an elec-
tronic instrument other than a computer is installed.

All examples and conditional language recited herein are
intended for the pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiments
of the present invention have been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

What is claimed is:

1. An air-conditioning system comprising:

afirst duct through which air discharged from an electronic
instrument passes;

a water vapor retention chamber;

an evaporator configured to be heated by the air passing
through the first duct and thereby to generate water
vapor inside the water vapor retention chamber;

adesiccant rotor including an adsorbent to adsorb moisture
and configured to be driven and rotated by a driving unit;

a humidification chamber;

a second duct configured to feed outdoor air introduced
from an outdoor space into the humidification chamber;
and

a third duct configured to feed the air passing through the
humidification chamber into a room where the elec-
tronic instrument is installed,

wherein the evaporator includes:

a heat-absorbing plate located in the first duct; and

a water storage unit located in the water vapor retention
chamber and thermally connected to the heat-absorb-
ing plate, and

wherein a portion of the desiccant rotor is located inside the
water vapor retention chamber, and another portion of
the desiccant rotor is located inside the humidification
chamber.

2. The air-conditioning system according to claim 1, fur-

ther comprising:

a fourth duct to which air in the room where the electronic
instrument is installed is introduced,

wherein the air prepared by mixing the outdoor air intro-
duced through the second duct with the air introduced
through the fourth duct is supplied to the humidification
chamber.

3. The air-conditioning system according to claim 2, fur-

ther comprising:

a first flow rate adjustment unit capable of adjusting a flow
rate of the outdoor air to be introduced into the second
duct; and

a second flow rate adjustment unit capable of adjusting a
flow rate of the air to be introduced into the fourth duct.
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4. The air-conditioning system according to claim 2, fur-

ther comprising:

a fifth duct directly connecting the second duct to the third
duct,

wherein a switch valve configured to switch a direction of
flow of the outdoor air introduced into the second duct to
any one of a direction toward the humidification cham-
ber and a direction toward the fifth duct is provided at a
junction of the second duct and the fifth duct.

5. The air-conditioning system according to claim 1, fur-

ther comprising:

a sensor unit configured to detect a humidity of the air
passing through the third duct; and

a control device configured to control a rotational speed of
the desiccant rotor in accordance with a humidity detec-
tion result obtained by the sensor unit.

6. The air-conditioning system according to claim 1,

wherein activated carbon is contained in the desiccant rotor.

7. The air-conditioning system according to claim 1,

wherein an openable and closable air valve is provided at each
of'two ends of the water vapor retention chamber.

8. The air-conditioning system according to claim 1,

wherein the electronic instrument is a computer.

9. An air-conditioning system comprising:

a first duct through which air discharged from an electronic
instrument passes;

a water vapor retention chamber;

an evaporator configured to be heated by the air passing
through the first duct and thereby to generate water
vapor inside the water vapor retention chamber;

a desiccant rotor including an adsorbent to adsorb moisture
and configured to be driven and rotated by a driving unit;

a humidification chamber;

a second duct configured to feed outdoor air introduced
from an outdoor space into the humidification chamber;

a third duct configured to feed the air passing through the
humidification chamber into a room where the elec-
tronic instrument is installed;

a fourth duct connected to the second duct and configured
to supply air in the room where the electronic instrument
is installed to the humidification chamber;

a fifth duct directly connecting the second duct to the third
duct; a first flow rate adjustment unit capable of adjust-
ing a flow rate of the air to be introduced into the second
duct; a second flow rate adjustment unit capable of
adjusting a flow rate of the air to be introduced into the
fourth duct;

a switch valve located at a junction of the second duct and
the fifth duct and configured to switch a direction of flow
of the outdoor air introduced into the second duct to any
one of a direction toward the humidification chamber
and a direction toward the fifth duct;

a first sensor unit configured to detect a temperature and a
humidity of the outdoor air;

a second sensor unit configured to detect a temperature and
a humidity of'the air passing through the third duct; and

a control device configured to control the first flow rate
adjustment unit, the second flow rate adjustment unit,
the switch valve, and the desiccant rotor in accordance
with outputs from the first sensor unit and the second
sensor unit,

wherein a portion of the desiccant rotor is located inside the
water vapor retention chamber, and another portion of
the desiccant rotor is located inside the humidification
chamber.



